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summY

A method of genemllzing the results of a relatively
ventlonal bearing-load analyses has been developed. When

fw oon-
dlmenalonal

analysis is applled, a smooth ourve is obtained when the quantity

(rpu)2~(Imep) Is plotted agalnat (bearing load at a ~ioular crank
angle)/(Imep). Such a family of curves, using mank angle as the
parameter, may be obtained from the results of as few as SIX conven-
tional bearing-load analyses. This femll.yof ourves enables charts
to be constructed that give the msximam and mean m?ankpin-beering
loads for any combination of engine speed and indloated mean effeo-
t:ve Pressure. This method is agplioahle t-othe principal bearings
of both in-line and radial engines.

From an applloatian of thfs analysis to crankpln-bearing loads
of V-type engines, lt was found that @ imum oombinatIons of engine
speed and indloated mean effeotlve pressure exlst for which mean and
maximum crankpk-bearing loads are mln!ma for a given power; suoh
ocmiblnatlonslle in the practioal region of operation. The best
dtve tlrmttle setting with re~ to crankpin-bearingload is one
that will produoe an Indloated mean effeotive pressure slightly less
than that corresponding to this optimum oomhlnation of speed and
IndLoatedMan effeotive pressure at dive 6peed. At a given power
level the optimum maximum crankpl.n-be~ingload varies direotly with
the compression ratio. The ratio of oonneotingrod length to orank
throw does not appreciably Influemoe the mean or maximum crankpln-
bearing 10d .

Charts =e presented from whioh the maximmn and the mean
manlqdn-bearing loads for a pm”duotlon, 12-cylinder, V-type engine
oan be dete?nuirmdfor KU values of engine speed to 5CIO0rpm and for
E@l values of Mioated mean effeotive pressure to 500 pounds per
square Inoh. The maximum orahkpln-bearingload for this engine



is shown to Ocour In the Cmu3k-angle region of 200, 1200, or 6800
depending upon the rehtive valueEI of engine speed and Indloated
mesa effeotive pressure employed.

nm!?omcTmv

An exact knowledge of the Inetan&&meous magnitude md dlreotion
of Wa9 load aotir~ upn aircraft-en@m hearings is bqmrtant, par-
ticulazzlywhen an attempt la icing Me to increase the pover output
of an engine. The effect of an increased power level on the maxtium
load, mean load, rubb~ velocity, and other criteria of bearhg
upe~aticn is an ~mportant consideration for tll~engine designer. In
order to determine +Lls effeot, the various bearing loads mat be
-~-zed @ computed.

The fmdamenkl me%od of dete-mdrd.ngbearing loads for
Internal-conkmstIon eaginem by mems of polar dhgmms was intro-
duced by IkrlHuu’dtin 1919. (See references 1 emd 2.) This method
of analysis provides fcr ccsnhln~~, at speoific cr9nk-anQe posi=
tlons, tinevectors of the @e force and the inetiia forces of the
reclprocat~~ a-d ro%ating maaae~. The prticlples of BuWardt’ a
metlcd WO.W s’a.ndardiz~dh 1923 by Ceminez ad Iseler. -es
of the appll-~t ion of 3W?.dmrd’:’s method of anaiysis to alrcraft-
eqine heemir~ mm publisLed in rderenoes 3 and 4.

A few attempts have bem made to s+@lify the ccmpute%icm of
aticraft-engine bearing loads. In 1!231 Janoway (refcmence 5) pro-
posed a simplified mott:d of ohtainlng the moan lozd act= upon
a crankpln Dcarlng. The horizon’d and vertical buaring-load
components mro averaged to ob%in a mean resultant for a sekcted
orank-anglm interval. ~hc ~~ 3CJ~W~ load was considered tO “DO

equal to the avcmgo of the indivitlimlresultant valIuos. SsnuelfJ
(reference 6) dcscribod in 1955 a shplif: od method of detcmznining “
tk mean oranlq)”fl.-boar~load. Prescott and Poole (reforenoo 4)
also presented a simpllfiod coupu+~tion of bear~ loads.

A= the request of the Air Teokmioal Somlce Ccxmuand,Army Air
Foroes, an im%st i@t ton was COrdUCtOd at the iiA~’Llaboratory at
Clevol.andfrcm 2u3p%mber 1343 to .Mar& 1944 to develop a ~Tnoral
method of dohmmlninG bea~’ingloads. A nunbor of %arlng loads
wmo detemlned by %Adw?d 3‘s methd ~ tho results of %rhiohlod to
tho devolopnmt cf a gmeral solution for detoimln2rg boarhg loads
wor a wido mngo of or@m conditions. Tileand:ses and the gen-
erallzod nothod aro dose:-ibodherein, and the ccwrputathn of =imum
and k== crsnlspin-boarlrg lads for a production V-type ongim is
presemed tc dommtrate t222s motiod.
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The dimensi&al method & reasoning employed by BuckIn@am
(referenoe 7) has been used In ather fields of research till con-
siderable success. The first step In applying this technique to
the determination of the loads aoting in au In-llne V-type aircraft
engine, iB to U.st all tie vsxiables. These v=iables are tabulated
as–foli.aws:

Symbol Variable

N

P

%3
w

%

Engine speed, rpm
hdicated mean effective pressure,
pounds per square tich

Stroke, hchee
Crankpln-bearing load, pounds

Reciprocating mass per crankpln,
Sl~B

Rotating mass per crankpin, slugs

Diameter of bcre, inches
Length of connecting rod, inches

Manifold press~ure,pounds per
square inoh absolute

Ccmprsssion ratic
Crank angle: degees
Angle between cyllnder center lines,

degrees

Dtiensional Relation
formula

L
F
FT2L-1

L

None
None
None

Independent
Independent

Independent
fla
Jrb

‘ifs
YTh

11~

When the three independent veriables are speed, indicated mean
effective pressure, and stroke, all the unknown, nondimensional m
quantities mq be expressed in terms of the independent varlabl.es
by the conventional.method. The results are as follows:

.—— —
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When Buckingham’s X theorem la applied (explained and elm-
pllfied In reference 8), the follting equation is obtained:

(1)

where ~~ is some funct1on of the several nondimensional YC quan-
tities. E the Indicated mean effective preesure 1s aEsumed t% be
proport?.onalto the man~-old pressure~ equation (1) elmpltites to
the follovlng expression for a specific engine:

(2)

E!uation (2) establishes the fact that, if W/p is plotted against
3N /p at a conetent value of crank angle, a smcoth curvo will be

obtained. Equation (2) is applicable to the prlnclpal bearings of
both In-1ine and radial engines.

CONVENTIONAL COMRYI’A!i’IONOF CRANKPIN-IUMRING LOJUE

The significance of equation (2) will be demonstrated by
agplylng It to the analysis & the maximum and the mean crankpin-
beerin~ loads d a V-type engine larderverious engine speeds and
indicated mean efP6ctive preesures. In order to apply equation (?)
to a spectiic engine and thereby obtain’values of w/p, the bearl.ng
loads for a number cf representative e~lne operating conditions
must be ccmputed. These computations tie made in the usual manner
~ricu~tc ~enemllzatl.m. I

The symbols and conventions used~herelnafter are defined in
the preceding section and in fi~re 1. Specifications for the
V-type engine investi~ted herein are given in the appendix, and -
sketches nf the connecting-rod, blade-bearing, and crenkpin-bearing
arrangement are shown in figures 2 and 3. Throughout this report,
a crank angle 6 of 0° refers to the top-center position of cyl-
inder U at the beginning of the ex@nsion stroke.

1
Power conditicne. - The spectilc cmditions & speed and indi-

cated mean effective pressure used for application of the analysis
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are given in the folluwing table. The Intake-manifold pressure was
-.. assumed to Inorease groportion@ely with lndlcated mean effective

pressure.

TyTaer Engine speed
condi- (~) (peroent
t1o11 rated)

I
I

1 3000 100
2 3000 100
3“ 3000 lIJO
4 3000 100
5 3300 110
6 3600 120

‘G7&3

182
.242
303
363
242
242

llntake-

1[peroent
manifold

‘atti) Yn~s&’
abaolute]

75
100
125
1%
100
10CI

39
52
65
78
52
52

Ihp

1170
1570
1960
2350
1720
1880

Method and construction of di~ams . - Standard CyCh3 diagrams——
were constructed S,ocord@ to the method given in reference 3 for
eaoh d the foregotig condlticms using an exponent of 1.30 for both
the expansion and tilecompression curves. An Indicator-diagram
faotor of 0.90 was employed, and the maximum gas pressure was made
75 percent at’the ccquted maximum. A representative indicator
diagram for pnwer ccmdition 2 (in the foregoing table) is given in
fl~e 4.

The gas fo~e at any crank angle is equal to the product of
the corresponding value of the pressure from the indicator diagram
and the piston area. The rec.f.procatlngInertta foroe at any crank
angle Is equal to the product of the reciprooatlng mass and the pls-
tr~ aocelerat~ono Values of ameleratlon may be found In Smith’s
cm?llaticm of pistm aoceleratlons (referenoe 9 ). The resultant
load aotlng on the ?lston pin parallel to the cylinder axis Is
obtained by algebraically omnbining the gas foroe and the recipro-
cating inertia foroe. This resultant load, when multiplied by the
secant cf the angle @ (fl.g.1), gives the foroe aotlng along the
connecting-rod axis.

The oentrlfugal foroe aotlng on the m%nkpln may be mmputed
frmu the values of the rotating mass, the crank throw, and the
engine s-peed. The resultant load aotjng on the crankpin at any
particulm? crank angle h obtsdned b3 the vector addition of the ‘
centrifugal foroe, the foroe along the fork-rod axis, and the foroe
along the blade-rckl=ig, aocount being tekan of the firing order
d the engine.

A representative polar dlagrsm of foroes aoting upon the orank-
pln beering with res”gectto the engine axis for power candltlon 2

I I l~lm . . . . .
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(en@ne speed, 3000 rpm; hap, 242 lb per sq in. ) is shown in flg-
Ure 5. The three individual vectors conetitutlng the resultant
crankpin load at a crank angle of 20° are shown to Illustrate the
method of vector adtition.

A polar dl~gram with respect to the crank axis is more useful
than a diagram with respect to the =gLne axis in defining loads
actlnq on the crankpin. Polar diagrams with respect to the crank
sx~.smay be obtained by rotating each resultant vector of figure 5
counter to the directicn ~ rotation through en angle corresponding
to the mmber of crank-angle dqrees indiceted at the terminal end
of the vector. The polar dflagram wZth reepect to the crank axis,
for each of the six pciwerccnd.it.icns,are given in figues 6 and 7
In terms of crank-angle degrees.

The polar diqpwns with respect to the fork-roilaxis are also
aP interest with regmd to loads acc~ng on thg beer.ingshell. These
&ia@vams sre obtained by rotat!ng the dlagrem with respect tc the
crank axis In the directian of crankshaft rotation through an angle
af 130° + al, wlmre al is the an@e defined in figure 1. The
polsr diagrams with respect to the fork-rod U.XiS:for each d the
six power conditions, are given in f~gues 6 .en&9 In terms cf
crank-angle degrees.

APPHCATICN OFTHE DIMENSIONAL-ANALKIS MWTHOD

Generalized L#~adChzrts

Maximm bearing loads. - The resultant maximum crankpin forces-—— —.
shown in ficmes 5 to 9 can be

T

nerallzed ky means of equation (2).

If W/p Iu plotted c8alnst ~ p for each M the six power condl-
tlcns at constant values cf crsnls=Agle (1’ig. 10), the maximum
valuee d W/p occux at crank 9n@es of approximately 20°, 120°,
or 680°. Addlticnal ~a~nts were.computed fm the crank angles of
200, 1200, and 680° in order to extend tnese curves beyond the
regicm cover~d hy the six ~c-mr conditions. The solid portion cf
each curve cmresFands very closely to the maximum value of W/p

N2/p concerned.over the particular range of Ali plots of W/p

agairiBt #/p =epotiims dh~~,ertollc-t~e cm.es. The solid
portions of each cd’the three cur~es He sufficiently far from
their respective vsrtlces to bs ccmsidered linear.

A conven~ent chart (fig. n(a)) for determining mxlmum
crankpln loads 1s’obtained fran the curves of figure lC. In
order to facilitate visualizaticm of figure Ii(a), a topographic
representation af the surface defined by the load-contour lines d
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this figure Is presented In figure n(b). Constant lndicated-
horsepower mxrves have been Inoluded for cmnvenlenne. The line OA-.
represents the 106uE of’opthum ccanbtnationsof speed.and indicated
mean effeotive pressure for which the maximum bearing load at a
given power level 18 a mlnlmum.

The use aF the oon9tant load chart is illustrated in the fol-
lowing example. The bearing loads for three combinations cf speed
and Indioated mean effective pressure produohg 2000 indioated
hasepuwer exe given In the follo@ng table. The fIrat column cor-
responds to a point on the line OA (fig. 11) for an opthum ocaubin-
at1on c@ speed and Indloated mean effeotIve pressure. Values aF
meulmum load for IndIoated meau effeotive pressures 10 peroent above
and 10 peroent below the c@hum are given In oolumne 2 and 3,
respectively.

I 1 I 2 I 3

bdicated meem effective presahre,
pounds per square Inch

Engine speed, rgm
Maximum bearing load, pounds
Maximum unit bearing loada,
pounds per square lnoh

2!32II 321 263

II
3,180 2,890 3,520
17,400 1,650 (),6()()
2,995 3,7.30 3,545

%he effective pro~ected bearing area was taken as
5.81 squere Inohes.

Mean bearln$ loads. - The mean load W aoting on the crank-——
pin can be determined from a rectan@ar plot of load W against
crank angle using a planimeter to obtain the aver~e height of the
curve. The resultant gas force, the resultant inertia fo~e, ~
the resultant total foroe W are plotted In figure 12 for an engine
speed & 3000 rpn and an indicated mean effective pressure of
242 pounds per squeze inch.

The results aP the dimensional treatment were ag~_n utilized
to generalize the mean-load analysle. In figure I-3, w/p is
plotted agalnEt 1#/o. The equatIon of the straight line.repre-
sent@ the plotted points “ls: .

(3)

Equatim (3) may be used to obtain the mean crankpin-beering loads
for all praotical caubinaticms ti engine speed and Indicated mean
effectIve pressure.
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speed against
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chart is obtained from equation (3) by plotting engtie
Indicated mean effeotlve pressure for constant values
Suoh a femily d curves 1s given in f@ure 14. The

optimum-mexlmum-load curve8 shown for four compression ratios were
included to permit comparieim with eaoh diher and with the mean-load
curves and till be discussed in the following section under the
heading Compression ratio. Conetent Indicated-horsepower curvee
have been Inoluded for convenience.

Optimum ccaubinations& Indloated mean effective pressure and—.

P“
- Families of constant lnd~cated-horsepower curves

fig. 15 for mean and maximum crankpti-bearhg loads were obtained
frcm figmes 11 and 14. (Points beyond the rfige of these charts
were obtatned from figs. 10 and 13.) The loci & optimum combina-
tions of engine speed ad Indicated mean effeotive pressure for
maximum and mean crankpti-bearing lcade are represented by the
llnes CC and DD, respectively.

For a given indicated horsepower, the optimum maximum-load and
the optimum mean-load combinations of speed and indicated mean effec-
tive presmre differ considerably. The optImum mean-load combina-
tions (line CC W fig. 14) fall In an Impraotlcable operating region.
It is possible to approaoh this optimum mean-load condition only by
operating at lcw engine speed and high indicated mean effective
pressure.

A closed throttle setting in a dive Is therefore desirable from
a considerathn of only the mean bearing load. The rate of change
of maximum bearing load with indl.catedmean effective pressure at
constant speed Is large for points above line OA d figure 11 but
ne@igible for points below (3A. The indicated mean effective pres-
sure will therefore tifect the maximum bearing load very little If
the point representing the dive speed and the indicated mean effec-
tive preesure lies below line OA. Inasmuch as dld’ficultyis fre-
quent~ experienced ow!ng to increaaed oil pumping during a dive with
closed throttle, It apqeers advisable to operate with the throttle
partly cl.cmedIn order that the combination of Indicated mean effec-
tive pressure and speed lles close to, but below, line OA. Although
such a throttle setting w1ll give a mean load greater than the opti-
mum, it appears to be the best solution with regard to crankpln-
bearing loads.

RubbIng factor. - T.ne“rubbi~ faotorj” as defined by Prescott
and Poole in reference 4 (p. 310), may be obtained for any combina-
tion of speed and Indicated mean effective pressure fra the value
of the msan load obtained from figure 14 and the equation

F=
( )
2.25x 10-3 fi
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where

F rubbi~ faotor, (ft-lb)/(sq tit)(See)

N e~ine speed, rp

= mean crankpin-bearing load, pounds .

Although the rubbing faotor Is not generally considered a good
oriterion for the severity @ bearing operatlmg condlt.iane,It Is
given for what it may be worth.

Vertiicatlon d the Generalized Load Charts

As a means of cheoking the results at the generalized analysis,
a pol~ dhgram was constructed employing an extrams combination al’
engine speed and Indloated mean effective pressure: engine speed
of 3600 rpn and IndLcatedmean effective pressure at 182 pounds per
sqwe lnoh, The resultlng polar diagram is given in fIgure 16.

The maximum load In figure 16 1s 2G,100 pounds at a crank angle
of L300. The ~lmum load frcm figure 11 is 19,600 pounds at a crank
angle of approxhately 12C”. This close agreement of values is con-
sidered an excellent check aF the aocuraoy of the computations as
well as of the genera llzatIon method.

EPfect af Engine Dlmenskns upon Crankpin-Besring Loada

The bearing-load charts presented herein are direotly applicable
only to an engine having the dimensions given In the appendix.
Attempts to make the load chsrtEIapplicable to any in-llne engine
have not been entlre~ successful because no simple method has been
found by which a change in the magnitude of the reolprooatlng and . “
rotating weIghts may be taken into eonside~atIon by the applloaticn -
of dimensional aUa~Sitl. The changes In the load charts brou@t
about by ohsnges In the ocmnecting-rod length and the ocmlpression
ratio, however, have been determined.

Conneot@-rod length - The conneotlng-rd length plays an
unimportant part in the de~elopment of bearing loads. This length
tieots only the ratio of the connecting-rod lengkh to the crank
throw, tiloh in turn influe~es the acceleration of the piston and
thus the magnitude of the ~oiprooating foroe. Practioal values
of the ratio d the connecting-rod length to the orank throw for
In-1ine alroraft engines ml~t be considered to lie In the range
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from3 to 4. It has been found that ohacges in the rod
crank throw rat10 within this range have no measurable
the load magnitudes given in the polar diagrams.

length-
effect upon

Comqmwelon ratl~. - The oanpreeeion ratio affecte the ehape
of the indloator diagram and therefore the gas force developed in
the engine cylinder. The lnfflu9nceof ccanpressionratio upon gee
force during the eihauet elnxke, the intake stroke, and meet of the
oompreeeion stroke Is quite small. !R19ccmpreaoion ratio has a
considerable effect upon the &s force, however, during that por-
tion of the e~ansion strnke wheu the pieton ie near the tcp-center
poeition. +

The ccmprees~on ratio wl].1~nfluence the mean orankpin-bearing
load very llttle at eny given engine speed-power oombhatlon lnae-
much as the compression ratio affects the gas form eignifloantly
only during a emall portinn al?the cyole: and part of thie effect
Ie compensatory. Ilr.emean-load din~ams shown in figuree 13 and 14
are applicable fcr Q1l valued m“ compreeslcm ratio from 5.50 to 8.50.

The msxlmum crank-pin-loadcurvee In figure 11 for a oampreesion
ratio of 6.65 are supplemented b% figure 17 in which the compression
ratioe are 5.5C, 7.5C, and.3.3J. Tliemaximum loads ~ occur in the
crank-an@e region of 20°, 120°, or 580°, depending upon the value
d IV2/p. These flguree ehowthat”the resultant crankpin-bwaring
Ioada in the region aP 20C are conejderably jnflue~ced by compres-
sion ratio.

The locatlon & the”curvee OA, whloh indicate optimum cambina-
tlons of engine cpeed and indicated mean effective preeeure, chengee
with compreealon ratio. The OA curves fcr th6 four ctxqnwseion ratios
considered herein were included In figure 14 for ccmqmrative purposes.
The following kable ehuwg the varletion of maximum and mean lode
with compreseicn ratio at 2000 tidicated horsepower for opttium
31e,xlmum-1.oadcombinations of indicated mew effective preesure and
engine upeed.

.—
Compression ratio

5.50 6.65 7.50 8.50

Engine s~~ed, rpm ‘ 2,960 3,leo 3,300 3,440
Indicated mean effectiTe pressure, 315 252 281 270
pounde psr equare Irich

Oytimummdmllm lmi, pcmnds 16,100 17)400 18,150 19,400
Mean load, pounds I12,600 13,600 14,20CJ15,000
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Even though the mean load Is Independent of compression ratio for
a given oonibinatlon,@ l@ioated mean effeotlve pressure and engine
speed, bath the optimum msxlmum and the mmresponding mesh orankpln-
bearlng loads are seen to inorease direotly with omupreasion ratio
at a oonetant power level..— ———

The dlmenelonal treatment has enabled a generalization of the
fhdlngs from a relat~vely few bearing-load analyses to be extended
to any power oondition. !I!hiedimensional methcd Is applicable to
both In-line and radial.engines. Although speoiflo numerloal.values “
giVen in thiE repOrt are 8ppliC8ble on= b the prOdUOtlOn V-tree
engine herein oonsldered, the qualitative oonoluslone apply to any
In-llne, V-type engine.

Two important bearing-operating crlterla are bearing running
temperature and fatigue strength of the beerlng metal. E a bearing
tends to overheat, two general remedies exe available:

1. The ales?gn of the bearing may be changed to inareaae the
rate of oil flow by Inoreaslng the oil-inlet pressure, the cleemnoe,
tbe engine speed, or by titroduclng a olrmmforential oil groove.
Such ohanges as those may also iniluenoe engine aperatlng variables
other than oil flow end, therefore, may not offer a satisfactmy
solutIon.

2. The herring operating temperature may be lowered by decreasing
the heat generated In the bearhg by reduolng the mean bearing load.

The bear~ng-load anelysls shows that a considerable deorease In
mean bearing load is realized wlt.ha reduothn of e~ine speed. If
en engine mwt operate at the optimum ocmibinatlonof speed and Indi-
oated mean effeotive pressure foz ~imum load at a given parer out-
put and overheating of the orankpin bearing develops, little can be
done to deoreaso the heat generated and some means of inoreaslng the
rate of heat dissipation must be employad.

= the range Or stress Is taken aB the criterion of fatigue
severity, then, as a fIrst approxlmation, the differenoe between the
=i~ and the minimum bearing loads will be a measure of the t@-
enoy for a bearing to fail fmm fatigue. Beoause the mlnlmum bmrlng
load 1s olose to O pound for the wide range of power conditions oon-
sldered (fIgs. 6 and 7), the dlfferenoe between the maximum bearing
load and zero bearing load may be oonsidaed as representative of the
stress range. If failures from oranlcpin-bearingfatigue are experl-
enoed, opmation at a mmblnatlon of indioated mean effe@ive pressure



12 EACA m lb. E5moa

and en@e speed mrrespondlng to the optimum Mne OA In figure 11
or cc In figure 15 would be advantageous,

Representative values d crankpln-bearing operat Ing charaoter-

Istlcs obtained from the maximum- and mean-load dmrts at’this

report are given In table 1.

CONCLUSIONS

A method d ccmputing msxlmumand mean bearing loads & an
a~rcraft engine that is applicable to both radlul end V-type engines
was developed by dimensional analysis. From a series of ocm.puta-
tione using this nmthod of analyzing be~ing loads of a V-type engine,
the following conclusions were drawn.

For V-type engines:

1. OptImumccmbinaticm of engine speed and indicated mean
effective pressure exist fcor which the mean and maximumcrankpln-
bearlng loads are minima for a given power.

2. At a given power level the opthuum maximum crankpin-bearing

load varies directly with the cmprmslm rat lo.

3. The ratio of cmneot~-rod length to crank throw a09t3 not

appreciably Influence the mean or the marlmummuispin-bearhg load.

For the production V-type engine herein oonsldered:

1. The ccmblnat ions al? speed and Indicated mean effectivu pres-
sure correspcnil hg to mlnlmumvalues of mean cranl@n-beazwing loads
He In sn Imp::aotical opersting region; ‘whereas tlm msxim-um-load
optimum ccmbizations fall in a praotlcal operating region.

2. The maximum crankpin-bearing load ocmrs In the mxmk-angle

region @ 20°, 120°, or 680° depending upm the relative values

of’ engine speed and Indioalmd mean effective pressure employed.

A.lrortit Engine Researoh Lsboratom,
~atlonal Advisory Ccmmittee for Aeronautics,

Cleveland, Ohio.
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APRERDIX - SEEOITICATIOIE (X@’A PRCZ?UOTION,

12-oYLJmER, v-TYPE ENGINE. . ..-.

IWiberofoylindem.... . . . . . . . . . . . . . . . . ..12
Arrangement of oylinders . . . . . Two blooks at an angle of 600
Method of nurfibq wllndem from

antipropeller end, both blooks . . . . . ; . . 1, 2, 3, 4, 5, 6
~lr~ order . . . . . . . . . . . . .. U.2R.5L.4X.3L, lR,

‘ 6L, 5R, 2L, 3R, 4L, 6R
Dirmtion of oranwbft rotation,
vlewlng antlpropeller end . . . . . . . . . . . Counterolodcwlse

Bore, ln. . . . . . . ..o. . . . . . . . . . . . . . . . . 5.50
Stroke, lo. . . . . . . . . . . . . . . . . . . . . . . ...6.00
Plstonarea, sh in...... . . . . . . . . . . . . . . . 23.75
Rated engine epeedat take-off, rpm . . . . . . . . . . . ..3OOO
Rated Indioated mmn effeotive pressure at take-off,

lb/sq in. . . . . . . . . . . . . . . . . . . . . . . ...242
Rated brake mean effeotlvo pressure at take-off,

lb/sq in. . . . . . . . . . . . . . . . . . . . . . . ...186
Manifold pressure at take-off, in. Hg absolute . . . . . . . . 52
Assumed meohan’.oaleffioiency at take-off, porcant . . . . . . 77
Compression mtlo . . . . . . . . . . . . . . . . . . . . . .6.65
Fork-rod len@h, in..... . . . . . . . . . . . . . . . 10.00
Blade-rod leng+h, in..... . . . . . . . . . . . . ...10.00
Ratio of oonneotimg-rod l.en@h to orank throw . . . . . . . . 3.33
Spark advsnoe, dsg B.T.C.:
Intake . . . . . . . . . . . . . . . . . . . . . . . . ...28
Exhaust . . . . . . .. m.. . . . . . . . . . . . . . . . .34

Valve timing:
titakovalve opens, dug B.T.C. . . . . . . . . . . . . ...48
Intake valve closas, dog A.B.C. . . . . . . . . . . . . . . . 62
Exhaust valve opens, deg B.B.C. . . . . . . . . . . . . ...76
l!khaustvalve oloses, deg B.T.C. . . . . . . . . . . . . . . 26

Cranlqpindiameter, tn.... . . . . . . . . . . . . . . . 2.998
lHfectivo length of crankpin bearing, In. . . . . . . . . . . 1.94
Projeotod area of crankpln bearing, sq in. . . . . . . . . . 5.81
Reolprooat~ and mtatlng weights:
Welghtd plstonassembly, lb . . . . . . . . . . . . ...5.31
Average weight of upper end of blade or fork rod, lb . . . 1.41
Reoiprooating wulght per oylinder, lb . . . . . . . . . . . 6.72
Weight ofm-ankplnbWing,lb . . . . . . . . . . . ...2.21
Welghtof lower endof fork rod, lb . . . ..10 . . . ..3.lO
Weight oflowerend of blade rod, lb . . . . . . . . ...2.60
Rotati~weight perorankpin, lb ., . . . . . . . . ...7.91

I —.—
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TABLEI - ClUUiKP13J—EUUUliO

v-TYm
.-. .

Power Engine
conai - speed,
tlon

(4)

1 I 30002 3000
3 3000
4 3000
5 3300
6 3600
7 3175

Imep,

(lb/s; in. ]

Maxinlum
bearing
hda:

w

-1--&
182
242
303
363
242
242
298

1170
1570
1960
2350
1720
1880
2060

14,800
15,50C
1s,1:30
25,100
18,100
21,CX)0
17,9G0

Mexhl’dnl

unit -

beerlng
loaab

‘lb/sqh.)

2540
2670
3300
43zo
312C
3610
3080

Looation
d MiIuLull
beulng
load
(crank-
a~e deg)

120
lZQ

20
20

120
120

20 and 120

~

(I!’THE IZRODIK?TION
B

fean
)earlng
.od_=,

(;b)

n, 100
11)800
12,600
13,400
13,500
15,500
13,900

Mean
‘unit -

bearing
loadb

lb/sq in.)

Rubb~

faotor,

(f?%

(Sq in.{
(eec)

1910
2030
2170
2300
2320
2660
2390

75)obo
79,600
85,000
90,400

100, CM30

125,000
99,000

me beerhg-load data wwre taken from figures 11 and 14 and deviate slightlyfrmu the
values shown on the PGkr dia~- (figs. 5 to 9).

he effective projectedbeerlng erea is taken as 5.81 square inohes.

NationalAdvlsw Cmmittee
for Aeronautics

r
ul

.“*.
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Figure 1. - Schematic diagrom of the mechonism of o 12-cyl-
inder V-type engine.
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Figure 2. - Connecting-rod and blade-bearing arrangement for a V-type engine.

de rod



Cfunkpm-bearing wn%ce
\ y CrunkpnW hd?s 1

Jectiob AA-A
ilhok

MT*OML mv:amY

CMM!TTEE FOR A~ ICS

Figure 3. - Schematic diagram of crankpin arrangement for a V-type engine.
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Figure 5. - Polar diagram showing the magnitude of the re-
sultant force on the crankpin of a V-type engine and its
direction with respect to the engine axis. Engine speed,
3000 rpm: indicated mean effective pressure, 242 pounds
per square inch.
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HACA ARR NO. E5H10a Fig.
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Figure 7. - Polar diagrams showing ihe ma~nitude of the’re-
sultant force on the crankpin of a V-type engine and its
direction uith respect to the crank axis at an indicated
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different engine speeds.
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(a) Contour plot.

~iguie11.- tiimumload on the crankpln of a production V-typa engine for all values
of lndlcmted mean effeOtiVe pressure and engine speed at Compression ratio Of 6.65.
Effeotlve bearing ●rea, 5.81 square inches.
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(b) Solid model.

Figure 11. - Concluded.
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